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Suction blisters were produced on the skin of anesth-
etised rats and marker enzyme activities measured in 
the blister fluid from normal and chemically damaged 
skin. • 
Cutaneous application of tributyltin, in doses known 
to produce morphological damage, increased the activity 
of a number of enzymes in the blister fluid within 2.5 hr. 
The increases were dose-related and resulted from cu-
taneous damage as they were detected at times and doses 
when there were no comparable changes in plasma en-
zyme activities. 
Increased enzyme levels in suction blister fluid from 
chemically damaged skin appear to reflect the degree of 
skin injury and may offer a direct and quantitative as-
sessment of this injury. 
Loss of K + and other low molecular weight constituents are 
known to occur at an early stage of cellular injury [1]. What is 
surprising is that high molecular weight cellular enzymes can 
also leak out at this time [2,3]. Thus, the release of enzymes 
from cells may be sensitive parameter for detection of disturb-
ances in cellular integrity [4,5]. The pattern of increased enzyme 
release can indicate the site and severity of damage while the 
magnitude of the increased activities can indicate the number 
of cells involved. Indeed serum enzyme estimations currently 
playa key role in diagnostic medicine. 
Tests presently available for assessment of skin irritancy [6] 
are indirect and subjective. As a result, quantitation of the 
degree of injury, particularly for mild irritants, is of doubtful 
accuracy. We were interested, therefore, to determine whether 
the phenomenon of enzyme leakage could be utilized as a 
sensitive and quantitative measure of the injurious effects to 
skin of cutaneous application of toxic chemicals. 
To produce damage in the living cells, cutaneously applied 
chemicals must first cross the stratum corneum barrier. Diffu-
sion is then usually rapid through the epidermis and dermis 
and into the systemic circulation. It is impossible, therefore, to 
determine whether increases in plasma enzymes, following cu-
taneous application of a chemical, result from local leakage 
from the damaged skin and/or arise from leakage from other 
organs, including the blood, as a consequence of systemic tox-
icity. 
This problem could be avoided, and the sensitivity of the 
method increased, if the interstitial fluid bathing the affected 
skin cells could be sampled. Unfortunately, the approach 
adopted by Lewis [7] for collection of lymph from the affected 
skin and muscle cannot, at present, be applied to small mam-
mals. 
Suction blisters of human skin produce an epidermal-dermal 
separation at the junction between the basal lamina and the 
cell membrane of the basal cells [8]. Under controlled conditions 
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there are only minimal signs of cellular damage [9,10]. The 
fluid filling this cavity must be derived, at least in part, from 
the interstitial fluid of the surrounding skin cells. 
We have produced suction blisters on the clipped skin of 
normal and tributyltin-treated rat skin to determine whether 
the enzyme levels in the suction blister fluid reflect the degree 
of chemical injury to the skin. Tributyltin was chosen as a 
model compound since the irritant response to this compound 
has been described in the skin of the rats [11] used in this 
study. 
MATERIALS AND METHODS 
Four- to 5-week-old male rats of Alderley Park (Wistar derived) 
strain, specific pathogen free, were used throughout (body weight range 
50-80 gm) . The hair cycle was in t he resting phase. Animals were 
maintained in the same environment for at least 1 week and were 
clipped at least 3 days prior to experiments. 
T ri-n-butyltin chloride was purchased from British Drug Houses 
Limited, and contained <10% dibutyltin and a very small amount of 
tetrabutyltin [12]. The alkyltin was applied evenly by automatic pipette 
at appropriate t imes before production of suction blisters, as 10, 25 or 
50 mM solutions in ethanol (70%) to both flanks of the rats clipped 
dorsal skin (0.2 rnl/ 50 gm body weight). Since the body weight of our 
rats (50-80 gm weight range) is directly proportional to the surface area 
of dorsal skin (Middleton and Hasmall, unpublished observations), all 
animals in a particular group received the same applied anlount of 
chemical per sq cm. Control animals received cutaneous applications of 
equivalent volumes of 70% ethanol and were included in every experi-
ment involving treated animals. 
Suction Blister Apparatus 
This is based upon t he suction cup described by Kiistala [8]. For 
rats, we replaced the circular suction cup by a saddle-shaped chamber 
constructed from half sections of perspex tubing of 2 di.fferent diame-
ters. The sections (15 cm long) were glued along the long dimensions 
and the ends sealed with perspex except for a single outlet. The 
curvature of the small diameter section was such that it followed the 
curvature of the rats' back when the rat was placed supine in t he 
inverted saddle. The inner section had 2 groups of 7 holes, 3 mm in 
diamter, either side of the midline. The minimum distance between the 
centers was 10 mm. The posit ioning of the holes was such that they 
were contained within the area of clipped dorsal skin. The remainder 
of the apparatus supported t he head and flank of t he rat. The spacing 
and diameter of the holes appeared to be optimum for our system. 
Larger holes or closer spacing produced hemorrhagic blisters. Suction 
pressure was produced with a Matburn DV20 used continuously 
throughout the experiment (Eschmann Bros. and Walsh Limited, Sus-
sex, UK) . 
Suction. Blister Production 
Rats were dosed with tributyltin or ethanol at the appropriate times 
before anesthesia. They were anesthetised for the duration of the 
suction and sampling periods with phenobarbitone (20 mg/ kg given as 
0.1 ml/50 gm subcutaneously). Once anesthetised, rats were placed 
supine on the inverted saddles, ensuring that all holes corresponded 
wit h an area of clipped skin. Suction was applied by gradually decreas-
ing the pressure in 10 mm increments to 90 mm of Hg (checked with a 
manometer) and the pump adjusted to maintain this pressure. The skin 
surface temperature of the rats was monitored with a thermocouple 
and excessive temperature decrease (>2°C) prevented by insulation of 
the ventral surface with cotton wool and blowing warm air over the 
animals. The average blistering t ime (tB) was 60 min with an observed 
minimum of 40 min and a maximum of 90 min. Tributyltin at the times 
and doses used did not alter tB. At 2 hr suction was gently reduced, the 
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cha mbers carefully removed and the blister fluid (30-40 ILl per rat) 
collected with a syringe. Fluid was not collected from the occasional 
hemorrhagic blister. After sampling the rats were killed with halothane, 
blood collected from the vena cava into heparinized tubes and plasma 
prepared by cent rifugation at 1400 g (av) for 10 min. P lasma, rather 
than serum , was prepared since preparation of the latter produced 
vru'ying amounts of haemolysis. 
Enzyme Determinations 
N-acetyl-{1-glucosaminidase ({1NAG-EC 3.2.1.30) was measured in 
fluid that had been stored for up to 3 days at -20°C. This procedure 
did not significantly affect the activi ty. All other enzyme determinations 
were carried out on freshly prepared fluids: malate dehydrogenase 
(MDH-EC 1.1.1.37), lactate dehydrogenase (LDH-EC 1.1.1.27) , aspru'-
tate aminotransferase (AST-EC 2.6.1.1), glu tamate dehydrogenase 
(GLDH-EC 1.4.1.3.) and a lkaline phosphatase (ALP-EC 3.1.3.1.) were 
determined using Boehringer Mannheim 9mbH diagnostic kits and a 
Beckmann Model 35 spectrophotometer . N-acetyl-{1-glucosaminidase 
activity was determined by the method of Tucker et al [12] in a Perkin 
Elmer MPF 43A spectrofluorimeter. Enzyme activities have been cal-
culated as International Units (U) and were determined at 30°C. For 
comparison of activities in blister fluid from treated skin, results are 
expressed relative to values in fluid collected from blisters on control 
skin (treated with 70% ethanol) in the same experiment. 
Na+ and K+ concentrations were determined with a Flame Photom-
eter. Electrophoretic separation of blister fluid and plasma proteins was 
performed using the Gelman Sepratek system. The cellulose acetate 
strips were stained in 'Ponceau S,' scanned at 525 nm on a densitometer 
and the protein content of the individual IgG and IgM in rat plasma 
were determined by radialimmunodiffusion using the appropriate an-
tisera from Miles Reseru'ch Products. The protein content of the other 
fractions was calculated from the percentage of each, determined from 
the densitometric trace and the total protein content determined by 
the assay of Lowry et al [13]. 
RESULTS 
Suction blisters, were produced on the clipped unepilated 
dorsal skin of 4-week-old rats. 
Morphology 
Blisters were first observed 40-60 min after commencement 
of suction and consisted of swollen vesicles each containing . 
about 3.0 ,ul of clear fluid (mean of 156 blisters). Up to 14 such 
blisters could be produced per rat. Only fluid from clear veiscles 
was harvested. The occasional hemorrhagic blisters (about 1 in 
30) , and those not fully formed, were not harvested. 
Separation occurred at the epidermo-dermal junction. The 
epidermal cells remained on the separated blister roof. They 
were vacuolated and occasionally showed some loss of staining 
characteristics (Fig 1) . The dermal cells under the blister were 
vacuolated and slightly swollen, otherwise they appeared nor-
mal. A few dilated blood vessels were observed in the dermis. 
The microscopic appearance of the blister remained unchanged 
when suction was continued for up to 3 times the initial blister-
ing time. 
Composition of Blister Fluid 
Blister fluid and plasma had similar Na+ concentrations (142 
± 12.3 and 148 ± 1.5 mEq/ 1 respectively) " but the former had 
a slightly lower K + concentration (5.1 ± 0.5 compared with" 7.1 
± 0.3 mEq/l). The total protein content and the individual 
protein components in blister fluid were, in general, about one 
third of the values observed in plasma (Table n. The exceptions 
were that there was apparently more y-globulin fraction and 
less IgM in blister fluid and, unlike plasma, no fibrinogen peak 
was detected on the electrophoretogram of blister fluid. 
Reproducibility of Method and Comparison of Enzyme Pro· 
files in Blister Fluid and Plasma 
Table II indicates the means and standard deviations about 
the mean for enzyme activities determined in 5 separate exper-
" Values are means ± SEM of 5 experiments using pooled fluid fTom 
5 animals per experiment. 
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FIG 1. Photomicrograph of suction blister of rat skin showing sepa-
ration of epidermis from dermis (H & E, X 250). Blistering time was 2 
hr. 
T ABLE 1. Protein composition of blister fluid and plasma trom 
untreated rats as determined by electrophoretic sep aration 
Protein content (mg/ mJ) Bl ister fluid / 
Protein fraction Plasma 
Blister fluid Plasma XIOO 
Total protein 19.3 ± 2.2 53.8 ± 1.1 35.9 
Albumin 12.3 ± 1.1 31.8 ± 0.5 38.7 
(x , globulin 1.4 ± 0.2 4.8 ± 0.4 29.2 
(X2 globu lin 1..7 ± 0.25 5.3 ± 0.6 32.1 
{1 globulin 2.7 ± 0.25 8.0 ± 0.4 33.8 
y globu lin 1.3 ± 0.1 2.3 ± 0.3 59.1" 
Fibrinogen 0 2.7 ± 0.3 0 
IgG 0.7 ± 0.1 1.9 ± 0.3 36.8 
IgM 0.05 ± 0.01" 0.33 ± 0.06" 15.1 
Values are means ± SEM from 6 experiments using pooled blister 
fluid and plasma from 5 animals per experiment. 
" Arbitrary uni ts. 
" This value may be erroneous since this plasma fraction is not well 
separated from' fibrinogen. 
TABLE II. Comparison of enzyme activities in blister fluid and 
plasma from untreated rats 
Activity (U / I) Relative activity Enzyme (blister fluid / plasma) Blister fluid Plasma 
LDH 1018 ± 118 75 ± 22 13.6 
MDH 2346 ± 286 42.6 ± 5.4 55.0 
AST 137 ± 46 21.0 ± 2.6 6.5 
GLDH 7.3 ± 3.4 2.3 ± 0.6 3.2 
ALP 143 ± 50 449 ± 28 0.32 
{1NAG 3.0 ± 0.04 5.9 ± 0.7 0.51 
Results are mean ± SD for 5 separate experiments using the pooled 
blister fluid and plasma from 5 animals in each experiment. Fluid 
harvested at 2 hr. 
iments using the pooled blister fluid and plasma from 5 animals 
per experiment. Blister fluid determinations were reasonably 
consistent although they did show a greater percentage varia-
tion about the mean than did the plasma determinations (with 
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FIG 2. Ratio of enzyme activities in suction blister fluid from skin 
treated with tributy ltin compared with that from contro l skin. Tribu-
ty ltin was applied as described in the Methods. Time (h) is the duration 
of exposw'e from application of the chemical to sampling of blister 
fluid. Points are paired compru'isons of control and treated flanks. the 
blister fluids from which were pooled from 5 animals per time point. 
(0 ). (e) and (6,) represent ratios of enzyme activities in blister fluid 
from treated compared with control skin from rats dosed cutaneously 
with (0 ).60 nmoles cm- 2; (e) 150 nmoles cm- 2; (6,) 300 nmoles cm- 2 of 
tributy lt in. Ratios of enzyme activ ities in plasma from treated and 
control animals are also indicated from animals dosed cutaneously with 
300 nmoles cm- 2 of tributy lt in. (0) . - - - - - - - - -. 
the exception of plasma LDH variations). In addition. some 
long-term variations occuned in blister fluid values. Thus, over 
a 6-mo period MDH activity varied from a maximum of 3300 to 
a minimum of 2400 and GLDH from 7.3 to <1. For this reason 
determinations of enzymes in blister fluid from treated skin 
were carried out in parallel with measurements from fluid 
produced from control animals run in the same experiment. 
There were higher levels of LDH, MDH, AST and GLDH in 
blister fluid compared with plasma, but lesser amounts of N-
acetyl-,B-glucosaminidase and alkaline phosphatase. If the ac-
tivities are expressed as U/ g of protein rather than as U/ L the 
increased ratios become even more marked since blister fluid 
contains only 36% as much protein as plasma. 
Enzyme A ctivities in Blister Fluid trom Damaged Skin 
Suction blister fluid collected from rat skin treated with 
tributyitin contained substantially increased activities of all the 
measured enzymes compared with the fluid from control skin 
(Fig 2 and 3). In contrast there were no increases in Na+ or K + 
content of the fluid. The maximum observed increases in activ-
ity, relative to control blister fluid activity differed for each 
enzyme. GLDH exhibited the greatest relative increase (25 x) 
with ALP and ,BNAG showing the smallest increases (1.9 x, Fig 
3). 
The times to reach these maxima differed (Fig 2 and 3), with 
a minimum of 2.5 hr after tributyltin application for MDH, 
around 5 hr for LDH, AST and GLDH, and around 12 hr for 
,BNAG. With the exception of LDH and MDH, activities re-
mained elevated 24 hr after application. 
For all the measured enzymes the activity increases in blister 
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fluid were dose related, the lowest dose (60 nmoles cm- 2) 
producing just detectable increases. In contrast, t he plasma 
prepared from these same rats exhibited no detectable increases 
in enzyme activities compared with plasma from the control 
animals at low and moderate dose levels and, with the exception 
of AST, only minor increases at t he highest dose level (Fig 2 
and 3). 
When flank skin was damaged by contact with 5 s with a 
probe cooled in liquid nitrogen there were large increases in 
enzyme activities in fluid from blisters subsequently raised on 
the damaged flanks compared with fluid from the control flanks 
(e.g., LDH was increased by 660% and GLDH by 400%). In 
contrast, when blisters were produced and only the roofs sub-
sequently damaged by contact with the probe for 5 s, there 
were small increases in fluid from the treated blister (e.g., LDH 
was increased by 30% and GLDH showed no increase). 
DISCUSSION 
Production and Morphology of S uction Blisters 
Suction blisters have been produced on chemically epilated 
rat skin [14]. Chemical epilation is a damaging procedure and 
produces an inflammation [14], impaired barrier function (4-
fold increase in transepidermal water loss, P H Dugard and R 
C Scott, personal communication) and may stimulate hair 
growth. . 
Any changes produced by the experimental method compli-
cate the interpretation of results. We, therefore, produced suc-
tion blisters without the need for epilation by careful clipping. 
This procedure does not produce inflammation or stimulate 
hair growth and produced no detectable changes in barrier 
function. 
The morphology of the suction blisters of rat skin (Fig 1) was 
similar to that described for human skin [8,9]. 
Comparison of Suction Blister Fluid and Plasma 
Although the Na+ and K+ composition of blister fluid and 
plasma are similar, the total protein content of the former is 
only about one-third of that in the latter (Table I). This is in 
agreement with previous results for human [15] and for rat [14] 
blister fluid. The low value for IgM (molecular weight 950,000) 
is consistent with the hypothesis that blister fluid is sieved 
through a membrane which discriminates proteins according to 
their molecular size [15]. 
Suction blister fluid contained much higher levels of the 
measured enzymes than plasma [3-55 times higher on a U/L 
basis and 10-160 times higher on a U/g protein basis (Table 
lI)] with the exception of alkaline phosphatase and N-acetyl-
,B-glucosaminidase. 
Source of Enzymes in Suction Blister Fluid 
Enzyme activities of plasma and lymph from skin and muscle 
are, in general, similar on a U/L basis [16] and, since lymph is 
derived from interstitial fluid, the enzyme activities of plasma 
and interstitial fluid are likely to be similar . If suction blister 
fluid is derived, at least in part, from interstitial fluid bathing 
the surrounding tissue then one would expect similar enzyme 
activities in plasma and blister fluid . Since the activities of 
LDH, MDH, GOT and GLDH are increased in blister fluid , we 
may question the source of these increases. Circumstantial 
evidence indicates that some, if not all, of t he increases may be 
derived from the epidermis. Separation of basal epidermal cells 
from the basement membrane is likely to produce sufficient 
damage for some enzyme leakage to occur into blister fluid 
since enzyme leakage is a sensitive indicator of cellular injury. 
Indeed significant changes in energy metabolism occur in epi-
dermis of suction blister roof [17]. In addition the kinetic 
characteristics of acid phosphatase resemble those of the epi-
dermal rather than serum enzyme [18] and the isoenzyme 
distribution of LDH, in cantharadin produced blister fluid, 
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indicates the blister isoenzyme is derived from the epidermis 
[19]. 
This latter approach cannot be applied to the LDH of rat 
blister fluid because the LDH isoenzyme pattern of rat epider-
mis, dermis and erythrocytes was similar to that of blister fluid. 
Also it is not possible to determine the source of the enzymes 
from the content remaining in the blister roof since enzyme 
activities may increase rapidly after injury [20]. 
Effect of Tributy ltin on Enzyme Activities in Blister Fluid 
One cutaneous application of tributyltin , in doses known to 
result in erythema and marked histological changes [11] and 
changes in eH]thymidine incorporation into DNA [21] of rat 
dorsal skin, produced rapid and substantial increases in enzyme 
activities in suction blister fluid compared with the values in 
fluid from control animals (Fig 2 and 3). The increases are 
concomitant with the earliest histological changes and precede 
the increases in thymidine incorporation by about 16 hr. 
The technique could be useful as a specific indicator of 
cutaneous toxicity since increases in enzyme activity were de-
tected at times and doses when there were no comparable 
increases in the enzyme activities in the plasma. Increases in 
the latter are difficult to interpret as they may result from 
systemic toxicity or a direct effect of the absorbed chemical on 
erythrocytes or platelets. 
Sources of the Increased Enzyme Activities in Blister Fluid 
after Injury 
Freezing and thawing of full thickness skin prior to raising 
blisters resulted in large increases in the activities of LDH and 
GLDH in the blister fluid yet only small increases were ob-
served when a substantial proportion of the epidermal blister 
roof was frozen and thawed. The large increases in blister fluid 
enzymes following tributyltin application are likely, therefore, 
to arise from the affected epidermis, dermis and even underlying 
tissue in the vicinity of the blister and not solely from the blister 
roof. 
Pattern of Increased Enzyme Activities 
Increases in GLDH (mitochondrial) OCCUlTed in parallel with 
LDH (cytosol) (Fig 2). Mild damage (low doses or early times) 
would be expected to result in increased LDH and only more 
severe damage (high doses or later times) to result in leakage 
of GLDH [7]. However, as tributyltin has a direct action on 
mitochondria [22,23] it is possible that release of GLDH from 
the mitochondria may be an early event. Additional factors to 
be considered include (a) a possible extramitochondrial source 
of GLDH in the granular layer of skin, and, (b) the realization 
that the measured enzyme activities in suction blister fluid a re 
steady state values which are dependent on rates of leakage 
into, the half-life of the enzyme within, and clearance from 
blister fluid . 
Measurement of enzyme activities in suction blister fluid 
from chemically damaged skin may offer a direct quantitative 
assessment of skin injury and may be a useful addi t ion to 
current test procedures for i.rritancy [6] which measure injury 
indirectly. 
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